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HAZARD CODE

* Applicable to Concept

HAZARD STATUS SUMMARY REPORT

- CONCEPT: 11QCA-l

HAZARD DESCRIPTION

INITIAL
HAZARD LEVEL  RATIOMALE LEVEL

TRACKING

FRPS PAZARD

STATUS

REMARKS

STRUCTURES 1000

% 1001
1002
* 1003

* 1004

MAIN PROPULSION 2000 - -

TANKAGE LEAKS 1HTO
ENCLOSED VOLUNES

LOSS OF Ny, TANK

. PRESSURE

ADAPTER OVERSTRESSED
DURING GROUND MATE

PAYLOAD PAY NOORS
DON‘T OPEN

- T #7000
T % 2002

* 2003

* 2004

* 2005
2006

2007
* 2008

* 2009

2010
* 2011
T %2012

* 2013

-APS 3000

* 3001
* 3002
3003

* 3004

TKS,LINES,FITTINGS LK.
VENT TO P/L BAY

OFF DES. ENG. INLET COMD.

PROP. MIXING DURING
LANDING/RE-ENTRY

PROP. SLOSH DURING DKIMNG
CACHE TK. & CRASH LANDG

MH TANK IMPLOSION

ENG., BELL BUCKLES UHDER

TRANSPORT LOADS

Ny0y TK. VENTS DURING
SAFING

MPE NOZZLE WON'T EXTHD
KICK STAGE RE-ENTERS

INCOMPLETE CONHNECTOR
HOOKUP VENTS FUME TO
PAYLOAD BAY

TPS TILES LOST FROM
o0, VENT

INADVERTENT VENT

LOSS OF PROP. ACQUISITION

LOSS OF RETRV’L DELAY
MODULE APS

ADD-ON APS L0SS

CRIT

CRIT

CRIT

< CRIT

CRIT
CRIT
CRIT
CAT.

CRIT

CAT
CAT
CRIT

CRIT

CRIT
CAT
CRIT

CRIT

CRIT

CRIT -

CRIT

CRIT

DESIGN  CRIT

..DESIGN__ CRIT

PROCDRS  CONT

DESIGN  CONT

DESIGN/PCDR  CRIT
DESIGN/PCDR  CRIT
DESIGN  CRIT
DESIGN/TEST CAT.

SIMULATION CRIT
DESIGN  CAT
DESIGH  CAT
DESIGN  CRIT

PCDR CRIT

DESIGN  CRIT
DESIGN  CRIT
DESIGN  CRIT

PCDR:DESIGN CRIT

PCDR CRIT
TEST CRIT
DESIGN  CRIT

DESIGN  CRIT

LOW:0N ORBIT

LOW:ON ORBIT

LOW:MATING

MOD: DEPLOY

LOW:LAUNCH PAD
LOW:UUP/ON/SAF ING
LOW: THRUSTI1IG
LOW: LANDG/ENTRY

0D :DOCKING
CONCPT DELETED
CONCPT CHANGED

LOH:GROUND
TRANSPORT

MOD : SAFING

LOW:THRUSTING
LOW:ASCENT
LOW:RESTOH

MOD :ENTRY

LOW:ENTRY/LOG
LOW:RMS DCCKING
LOW:DOCKING

LCW:ON ORBIT




* Applicable to Concept

HAZARD STATUS SUMMARY REPORT '
CONCEPT llOA-l

/

EOS POWER TO TUG FAILS OFF CRIT

]

/
TRACKING
: INITIAL HRPS ~ KAZARD
HAZARD CODE  PAZARD DESCPIPTION WAZARD LEVEL RATIONALE LEVEL  STATUS  REMARKS
" AVIONICS 4000 . |
* 4001 CAN’T COIYAND OVERRIDE  CAT DESIGN _CAT LOW:NEAR EOS
* 4002 PROP. COMHMANDS ABSENT AT DESIGN  CAT LOW:NEAR EOS
* 4003 ACS ELECTRONICS FAILS  CRIT DESIGN  CRIT LON:HEAR ECS
* 8004 INERTIAL REF. g ATT, CRIT LR CRIT LOW:SEP. FLT.
DATA DEGRADED oy o .-
4005 ADD-ON AVIONICS CAUSES  CRIT DESIGN  CRIT LOK:SEP. FLT,
LOSS ATTITUDE CONTROL ~ - - L |
* 4PB6- ~  -AVIONICS DEGRADED BY CRIT - DESIGH  CONT LOW:SEP, FLT,
HI-ENERGY PARTICLES . -
4007 SR FIRES INADVERTHTLY  CAT  DESIGN/PCOR CRIT LOW: IN/NEAR ECS
¥ 4008 LOSS OF SINGLE XTR CRIT  DESIGH/PCDR CRIT LOW:DEPL/RETRY.
THER'AL COKTROL 500
* 5001 LOSS OF GiiD COOLING CAT DESIGN  CAT HOD: SAF ING
: DURING SOABACK
5002 LOSS FUEL CELL KEAT REJ. CRIT  DESIGHN/PCOR CRIT LOW:SEP. FLT:
ORDHANCE 6000
% 6001 PYROS INADVERT. INITIATED CAT DESIGN  CRIT LOW =615 €/0
GSE/AGE 7000
* 7001 CG OFF NOMIMAL CAUSE DOOR CRIT  DESIGN/PCOR CRIT LOK:TYG REKVL
CONTACT AFTER ABORT
EPS 9000 -
9001 VENT REACTANTS STEAM T0  CRIT ~ DESIGN/PCDR CRIT LOW:UP/OK/SAE 115
PAYLOAD BAY | _ .
9002 REACTANT LEAKS TO SADDLE  CRIT  DESIGH/TEST CRIT HOD :ENTRY/LD5
_ BAGS ' |
* 9003 DESIGN CRIT LOW :ASCENT
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CONFIGURATION/SUBSYSTEM
110A =1
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DETECTION ON GROUND
PURGE ON PAD

ISOLATE TANKS PRE/POST USE
EMFRGENCY DEFANK HORIZONTAL
EMERGENCY DETANK VERTICAL
NORMAL HORIZONTAL DRAIN
FRACTURE MECHANICS PROGRAM
REDUNDANT SEALS

ALL WELDED BALL JOINTS

.

)

ARRRARR R

00000

(O~

ISOLATE TANKS PRE/POST USE
OVERBOARD VENTS UP/DOWN
OVERBOARD CRYO VENTS UP/DOWN
VENTS LIQUID COMPATIBLE
REDUNDANT VALVES FOR OVER-
BOARD VENT PATHS

3 CONBITION BAY~¥@ST LANDING

VERTICAL VENT
HORIZONTAL VENT VIA GSE
POST LANDING, HOOKUP VENTS
TO GSE'-

-

999 992y

CRy QS

gwrowo

(2 el el o NN ORE-

DY O0000O0

VENT MPS/APS TANKS TO 20 PSIA
VENT EPS TANKS TO 20 PSIA
DEPLETE APS PRE-STOWAGE
ABORT DUMP=VERTICAL
DELETE MPS PRE-STOWAGE
ViR -TUG PAYLOARS

DUMP MUST BE SHUTTLE COM-
PATIBLE S
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SAFETY EVATUATION FORM - 2
b o s g
N
P -
ZARD SAFETY REQU1REMENT CONFIGURATION/SUBSYSTEM
c o MICROMETEROID SHIELD v
L0 o NO JETTISON OF SOLID DEBRIS
L AT P/L ALTITUDES (QAKS Jethisoned for Pl 23,
L o
- Planettary wissiow, (o) achjeve
5 tsca R vdu'ms,
() s
N
' —4
! . - S
F o MINIMUM TRAPPED VOLUMES S
I o SEPARATE TANKS - v
R |6 CONTROL PANKS -DELTA-P l Ne
o | E |o INERT TANKS POST USE 70T RepuirReD
ol , o PARAMETER READOUT TO EOS v
21 R o SRM SAFE/ARM v
z o MIN TANK PRESS, PRE-USE v
z| E o CONTAINMENT OF PYRO DEBRIS » v~
2 X o P/L BAY GNp DELUGE v
! P {oGN, FREON 1301 FIRE EXTINGUISH v~
% Ic; o INERT H, TANK BAY No CRyoS
z S
@ ' I
G 0
m N
(o}
Z | "uERMALl o AUTO DETECT COOL LOOP FAIL | H&ATt P1DE =~ PASSI10E CoslinG.
< | CONTROL{ o FO/FS POST FLIGHT SAFING v
¢ [o DESIGN INTACT BURVIVAL TV
R o DESIGN RETAIN PAYLOAD v
A o DESIGN KICK STAGES TO NOT Ne
s SURVIVE ENTRY
H o DESIGN RETRIEVAL DELAY
MODULES TO NOT SURVIVE Noet Replicasie
ENTRY
¥ Tvrer tank, . Q&seHﬁA-rsH:eLo, saCDLE BAGS ¢ Lie
Tovpels, AKs
- :
: : rd
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- 2 SAFETY EVALUATION FORM - 3 2
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.\/ “ag SAFETY REQUIREMENT CONFIGURATION/SUBSYSTEM
b S
~ M | o FAIL SAFE DESTGN v
) L o LOCATOR PINS FOR FLUID v
~ 3 c CONNECTOR PANELS
3 H | o PRECLUDE TUG TRANSLATION/ Ve !
- - ROTATION DURING GROUND TUG/
“: b ORBITER MATE |
IS R o SUPPORT AND CONSTRAIN ENGINE | ™~ ;
i BELL DURING GROUND HANDLING |
-3 1 < 0 MAKE MPS NOZZLE EXTEND AND :
— ; 8 RETRACT MECHANTSMS Repunpat | M ¢ APPU GA QLE |
s | 4
. ;
F A N S . —_— o
_ é? , TIIRUST o SENSE ENGINE INLET PRESSURE | /- j
. N CHANGES 2 :
—§@)  |o ISOLATE APS TANKS v |
_ 3z s o SHUT DOWN MPE AUTO . v :
~22 . © RELIEVE PROPULSION PRESSURE | ¥~ _5
_ 3 o o PROPULSION SHUTOFF VALVES Ve |
— 2 At . UPSTREAM OF ENGINE VALVES ,
- 824 5 o QUALIFY APS FOR GAS BUBBLES v '
83 OR DEMONSTRATE ADEQUACY OF .
, g 5 PROPELLANT ACQUISITION .
hy R o PRECLUDE INADVERTENT SRM v
—sc| g IGNITION
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~ 3o s
r4
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- |
g .
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-2 5 © REDUNDANT SAFETY CRITICAL Y |
-5 v EQUIPMENT ;
- § ’ o ADEQUATE CREW TRAINING v |
~ A o COMMAND OVERRIDE oV &R GRQQQQ ST QQ | NM |
~3 11\? o APS SHUTDOWN AFTER RMS ENGAGH v~ Tp WITH R0 |
-3 b © MAKE SELECTION OF WIDE/NARROW v €S |
3 DEADBAND FOR APS REDUNDANT |- f
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 SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM
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O NO CREW SAFETY SFP .

- |o APPROPRIATE SAFETY FACTORS

O MANNED .SF FOR ABORT

¢ PROVIDE SAFETY STATUS

o COMMAND OVERRIDE NEAR ORBITER

o PROTECTION OF EOS FROM TUG
HAZARDS ,

o EMERGENCY MANUAL RELEASE: TUG
FROM EOS '

e e = . e

o PROVIDE SAFETY STATUS
o EOS CONTROL CRITICAL TUG

b= FUNGTIQNS .

o PRESSURE ‘RELIEF THROUGH EOS
0 NO VENT, INTO PAYLOAD BAY

.

0 PROVIDE SAFETY STATUS
49 EOS, CQNTRQL CRITICAL TUG ,
FUNCTIDNS - +t

o NO SPF YIELDING UNPROGRAMMED
MOTION .
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(
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o NO DESTRUCT CHARGES 1TV
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SAFETY EVALUATION FORM - 6

SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

13posdas asy) w0 wnwixey

O PROVIDE SAFETY STATUS
O ATTTTUDE/TRANSIATION CONTROL
OF TUG BY EOS .

b NON-PROPULSIVE VENTING
o NO SFP YIELDING UNPROGRAMMED
MOTION
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0 PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG
FUNCTIONS:

o NO SFP 'YIELDING UNPROGRAMMED
MOTION

o PROVIDE FOR STATIC NTSCHARGE
0 REDUCE PROP &LL A #T/ PRESSURANT
TO SAFE LEVEL PRIOR TO ‘
RETRIEVAL

© VERIFY EOS-TUG INTERFACES
SECURE

0 REMOTE EMERGENCY . TUG
JETTISON
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¥y T e o
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‘ 2, SAFETY REQUIREMENT CONFIGURATION/SUBSYSTEM
N ARD
8 |o FS PER MSFC-HANDBOOK-505 v 3
T  |o BATISFY FRACTURE MECHANICS | !
R | | =
U |
¢ |
T i
: |
R
E
S |
' P |o FAIL SAFE MPS : v .
1 R - |o AUTO RELIEF FOR TANKS v
: O |o DETECT POTENTIAL TANK v ;
i P FATIURES | -
g U |o ISOLATION VALVES UPSTREAM v
z L ALL START VATVES )
9 S jo EMERGENCY OFF-LOALING ON v
] I LAUNCH PAD .
0 0 :
o N ' ! i
= A A — }
{ A |o FO/FS DESIGN , MST s> AkSs
G| P |0 ONE COMMAND SHUTDOWN v g
- 8 ; !
@
ol A © RF LINKS EOS/TUG/PAYLOAD A _ :
A gggg;g}[cw/comm VIR xmrr AL will Lo s¢ |
0 Fetogacr. RéaLTIme pecs o
N : _ .
I SN TUG RETRIELAL REPUIRED,
c , ' ' . '
s
O |o NO SINGLE DETECTABLE OR v
R COMBINATION .OF UNDETECTABLE -
D FAILURES CAUSE PREMATURE !
T DETQNATION :
N |o SAFE UNUSED PYros . v
A" | o SATISFY PYRO SPECIFICATION - V4
N {4 REQUIREMENTS
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* Applicable to Concept “4

»?

HAZARD STATUS SUMMARY REPORT

CONCEPT 410AD-2 TRACKING

INITIAL FRPS FAZARD

HAZARD CODE FAZARD DESCRIPT 10N HAZARD LEVEL RATIOMALE  LEVEL STATES  REMARKS

STRUCTURES 1000
— T T

CRIT

* 1001 TANKAGE LEAKS IHTO DESIGH  CRIT LOW: 0t ORRIT
‘ ENCLOSED VOLUNES
* 1002 LOSS OF 1,0, TaNK CRIT ..DESIGN_ cpIT LOK:ON ORSIT
PRESSURE
* 1003 ADAPTER OVERSTRESSED CRIT PROCDRS  CONT LOK:MATING
DURING GROUMD MATE
* 1004 PAYLOAD PAY DOORS 7 CRIT DESIGN  CONT HOD : DEPLOY
DONIT oPEN |
MAIN PROPULSION 2000 - - .
% 7001 TKS,LINES,FITTINGS (K, cRIT DESIGH/PCDR  CRIT LOW: LAUNCH PAD
* 2002 VENT T0 P/L pAY CRIT DESIGN/PCOR  CRIT LOW:UP/ON/SAF 1G
* 2003 OFF DES. ENG. INLET COMD, CRIT DESIGH  CRIT LOW: THRUST 1
* 2004 PROP. MIXING DURING CAT, DESIGN/TEST AT, LOW: LANDG/ENTRY
LANDING/RE-ENTRY |
* 2005 PROP. SLOSH DURING DKING  CRIT SIMUILATION CRIT . MOD:DOCKI1s
2006 CACHE TK. & CRASH LANDG  cAT DESIGN  car CONCPT DELETED
2007 MEH TANK IMPLOS TON CAT DESIGN AT CONCPT CHANGED
* 2008 ENG. BELL BUCKLES UNDER  CRIT DESIGN  CRIT LOW:6ROUND
TRANSPORT LOADS ' TRANSPORT
* 2009 N0y TK. VENTS DURING  cRiT PR CRIT MOD: SAF ING
SAFING
2010 MPE NOZZLE WON'T EXTHD  CRIT DESIGN  CRIT LOW: THRUST NG
* 2011 KICK STAGE RE-ENTERS CAT DESIGN  CRIT LOW:ASCENT
* 2012 INCOMPLETE CONECTOR CRIT DESIGN  CRIT LOW:RESTOH
HOOKUP VENTS Furte T
PAYLOAD BAY :
* 2013 TPS TILES LOST FROM CRIT PCOR:DESIGN CRIT MOD:ENTRY
N,0, VENT
+ .APS 3000
* 3001 INADVERTENT VENT CRIT PR CRIT LOW:ENTRY/L0G
* 3002 LOSS OF PROP. ACOUISITION CRIT . TEST  CRIT LOW:RIS DOCKINS
3003 LOSS OF RETRV'L DELAY  cRiT DESIGN  (RIT LOW:DOCK 1,6
MODULE APS :
* 3004 ADD-ON APS LOSS CRIT DESIGN  CRIT LOW:0N OREIT

o ————

B s



HAZARD STATUS SUMMARY REFORT
* CONCEFT L10AD-3

P

* Applicable to Concept

[}
.

o TRACKING '
: INITIAL HRPS  HAZARD
HAZARD CODE  WAZARD DESCRIPTION HAZARD LEVEL RATIONALE LEVEL  STATUS REMARKS
" AVIONICS 4000 . |
* 4001 CAN'T COITWAND OVERRIDE  CAT DESIGN _.CAT LOW:NEAR EOS
* 8002 PROP. COMMANDS ABSENT  CAT DESIGH  CAT LOW:NEAR EOS
* 5003 ACS ELECTRONICS FAILS  CRIT DESIGN  CRIT LOW:NEAR £0S
* 40y INERTIAL REF. & ATT. CRIT PR CRIT LOW:SEP. ELT.
DATA DEGRADED - o , .
* 4005 ADD-ON AVIONICS CAUSES  CRIT DESIGN  CRIT LOW:SEP. FLT.
LOSS ATTITUDE CONTROL - - - . . . S |
¥ 8006~ — -AVIONICS DEGRADED BY CRIT . DESIGN  CONT LOW:SEP. FLT.
- HI-ENERGY PARTICLES , )
* 4007 SRM FIRES INADVERTHTLY  CAT DESIGN/PCOR  CRIT LOW: IN/NEAR EGS
4008 LOSS OF SINGLE X“TR CRIT  DESIGH/PCDR CRIT LO:DEPL/RETRY.
THERYAL COHTROL 500 -
* 5001 LOSS OF GMD COOLING CAT DESIGH  CAT HOD :SAF TG
: DURING SOAKPACK
* 5002 LOSS FUEL CELL HEAT REJ. CRIT  DESIGH/PCDR CRIT LOW:SEP. FLT.
ORDIANICE 6000
% 6001 PYROS IUADVERT. INIVIATED CAT DESIGH  CRIT LOW:GD C/0
GSE/AGE 7000
* 7001 CG OFF NO!IMAL CAUSE DOOR CRIT  DESIGN/PCOR CRIT LOW:TYUG REFVL
CONTACT AFTER ABORT
EPS 9000 -
9001 VENT REACTANTS STEAM 10 CRIT  DESIGN/PCDR CRIT LOW:UP/ON/SAF 15
PAYLOAD BAY _ . )
* 8002 REACTANT LEAKS TO SADDLE  CRIT  DESIGN/TEST CRIT MOD:ENTRY/L0G
. BAGS :
* 9603 EOS POYER TO TUG FAILS OFF CRIT  DESIGN CRIT LOW:ASCENT
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DETECTION ON GROUND

PURGE ON.PAD _
ISOLATE TANKS PRE/POST USE
EMERGENCY DETANK HORTZONTAL
EMERGENCY DETANK VERTICAL
NORMAL HORIZONTAL DRAIN

- FRACTURE MEGHANICS PROGRAM
REDUNDANT SEALS )
ALL WELDED BALL JOINTS
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ISOLATE TANKS PRE/POST USE
@VERBOARD VENTS UP/DOWN -
OVERBOARD CRYO VENTS UP/DOWN
VENTS LIQUID COMPATIBLE
REDUNDANT VALVES FQR OVER-
BOARD VENT PATHS
CONDITION BAY POST LANDING
VERTICAL VENT -
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VENT MPS/APS TANKS TO 20 PSIA
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MODULES TO NOP SURVIVE
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- ‘A SAFETY REQUIREMENT CONFIGURATION/SUBSYSTEM
_ b | , .
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- 5 0 © NO JETTISON OF SOLID DEBRIS 3
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_§F N
-8 1. - -- : — ~
.o ' : —\ ]
! F O MINIMUM TRAPPED VOLUMES & !
- & T o SEPARATE TANKS ' N &sTep QB\M &S "
-z R o CONTROL TANKS DELTA-P N T\ !
-3, E o INERT TANKS POST USE - \ !
- ; ol o PARAMETER READOUT TO EOS v \
~ 1 2 n o SRM SAFE/ARM : v
-3 E /6 MIMTANK- PRS6S; PRE-USE {vo 'n‘
~3 2| E o CONTAINMENT -OF PYRO DEBRIS +v/ | ,
—&al x o P/L BAY GN DELUGE v~ \
T80l P |oGN, FREON 1301 FIRE EXTINGUISk v_ \
_3 3 g o INERT H, TANK BAY v
-
N - \
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— § © | THERMAL} o AUTO DETECT COOL LOOP FAIL | v
— 2 =< | CONTROL o FO/FS ‘POST FLIGHT SAFING v_
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_ R o DESIGN RETAIN PAYLOAD v
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_ H. © DESIGN RETRIEVAL DELAY k
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AY

SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

Q FATL, SAFE DESIGN.
o LOCATOR PINS FOR FLUID
CONNECTOR PANELS

o PRECLUDE TUG TRANSLATION/
ROTATION DURING. GROUND 'I'UG/
ORBITER MATE

© SUPPORT AND CONSTRAIN ENGINE
BELL DURING GRQUND HANDLING

© MAKE MPS NOZZLE EXTEND AND
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o SHUT DOWN MPE AUTO
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SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM
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o NO CREW SAFETY SFP
o APPROPRIATE SAFETY FACTORS
O MANNED SF- FOR ABORT

10 PROVIDE SAFPPY S8PATUS -

o COMMAND OVERRIDE NEAR ORBITER

o PROTECTION OF EOS FROM TUG
HAZARDS -

o EMERGENCY MANUAL RELEASE: TUG
FROM EOS

e - n e e e e e

o PROVIDE SAFETY STATUS

o EOS CONTROL CRITICAL TUG
~-FUNCTIONS

o NO DESTRUCT CHARGES

o NO VENT INTO PAYLOAD BAY
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o PROVIDE BAFETY STATUS

© EOS CONTROL CRITICAL TUG
FUNCTIONS

o NO SPF YIELDING UNPROGRAMMED
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R |o AUTO RELIEF FOR TANKS v
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0 |o NO SINGLE DETECTABLE OR
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: * Applies to Both
HAZARD STATUS SUMMARY REPORT ** Applies to 310RE only
CONCEPT: 310-3%4  310RE-3A
TRACKING

' ' INITIAL FRPS FAZARD
HAZARD CODE HAZARD DESCRIPTI0N HAZARD LEVEL  RATIOMALE LEVEL STATUS  REMARKS

STRUCTURES 1000

* 1001 TANKAGE LEAKS IMTO CRIT DESIGN  CRIT LOW:0t ORBIT
, ENCLOSED VOLW-ES .
* 1002 LOSS OF Ny0, TANK GRIT DESIGN_ CRIT LOW:ON ORSIT
PRESSURE :
* 1003 _ ADAPTER OVERSTRESSED CRIT PROCDRS  CONT LOW:MATING
DURING GROUND MATE
* 1004 PAYLOAD PAY NOORS 2 CRIT DESIGN  coNT . - MOD: DEPLOY
Do‘T oPEN ' ’
MAIN PROPULSION 2000 - - - )

X a0 _ TKS,LINES,FITTINGS LK, CRIT  ° DESIGN/PCDR CRIT LOW: LAUNCH PAD
* 2002 VENT TO P/L BAY CRIT . DESIGN/PCDR CRIT . LOW:UP/ON/SAF 1KG
* 2003 OFF DES. ENG. INLET COMD. CRIT DESIGN  CRIT LOW: THRUSTING
* 2004 PROP, MIXING DURING CAT. DESIGN/TEST (AT, LOW: LANDG/ENTRY

LANDING/RE-ENTRY
* 2005 PROP. SLOSH DURING DKING  CRIT SIMULATION CRIT MOD :DOCK 116
2006 CACHE TK, & CRASH LANDG  CAT DESIGN  cAT CONCPT DELETED
2007 " MM TANK IMPLOSION CAT DESIGN (AT CONCPT CHANGED
* 2008 ENG. BELL BUCKLES UWDER  CRIT DESIGN  CRIT LOW:GROUID
TRANSPORT LOADS o TRANSPORT
* 2009 N0y TK. VENTS DURING CRIT PCDR CRIT MOD: SAFING
SAFING
2010 MPE NOZZLE WON'T EXTHD CRIT DESIGN  CRIT LOW: THRUSTING
2011 . KICK STAGE RE-ENTERS CAT DESIGN  CRIT LOW:ASCENT
to% 2012 INCOMPLETE CONMECTOR CRIT DESIGN  CRIT LOW:RESTOW
HOOKUP VENTS FUME T0 :
PAYLOAD BAY : , :
% 2013 TPS TILES LOST FROM . CRT PCDR:DESIGN CRIT MOD:ENTRY
Ny0, VENT :
v 4APS 3000 L .
* 3001 INADVERTENT VENT CRIT © PCDR CRIT ‘ . LQH:EHTRY/LOG
* 3002 - LOSS OF PROP, ACQUISITION CRITv : TEST CRIT LOW:RMS DCCKING
*% 3003 LOSS OF RETRV’L DELAY CRIT DESIGN  CRIT LOW: DOCKING
MODULE APS .

3004 ACD-ON APS LOSS CRIT DESIGN  CRIT LOW:ON ORBIT

-

Ter e e vt —
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HAZARD STATUS SUMMARY REPORT
- CONCEPT: 310-3A 310RE-3A

+ * Applies to Both

%% Applies to 310RE

only

[]
.

o TRACKING )
. | INITIAL HRPS  HAZARD
_WAZARD CODE  WAZARD DESCRIPTION HAZARD LEVEL RATIOMALE LEVEL  STATUS  REFARKS
* AVIONTCS 4000 . |
% 8001 CAN'T COITAND OVERRIDE AT DESIGN AT LOW:NEAR EOS
* 800 PROP. COMMANDS ARSENT  CAT DESIGN  CAT LOM:KEAR EOS
* 4003 ACS ELECTRONICS FAILS  CRIT DESIGN  CRIT LOW:HEAR ECS
* 4004 INERTIAL REF. g ATT. CRIT PR CRIT LOW:SEP. ELT.
DATA DEGRADED . o -
xx K005 ADD-ON AVIONICS CAUSES  CRIT DESIGN CRIT LOW:SEP. FLT.
' LOSS ATTITUDE CONTROL - - - . - Lo |
% BOB6- — -AVIONICS DEGRADED BY  CRIT . DESIGN  CONT LOW:SEP. FLT.
- HI-ENERGY PARTICLES , - -
8007 SRM FIPES INADVERTHTLY  CAT  DESIGN/PCDR CRIT © LON:IN/NEAR EOS
4008 LOSS OF SINGLE XKTR GRIT  DESIGN/PCOR CRIT LOW:DEPL/RETRY.
THERYAL CONTROL 500
* 5001 LOSS OF GID COOLING CAT DESIGN  CAT . HOD : SAF 11
. DURING SOAKBACK
* -5002 LOSS FUEL CELL HEAT REJ. CRIT  DESIGN/PCDR CRIT LOH:SEP, FLT:
ORDNATICE 6000
* 6001 PYROS INADVERT. INITIATED CAT DESIGH  CRIT LOW:6HD €/0
GSE/AGE 7000
* 7001 CG OFF NOMINAL CAUSE DOOR CRIT  DESIGN/PCDR CRIT LOW:TUG REMVL
CONTACT AFTER ABORT
EPS 000 -
* 9001 VENT REACTANTS STEAMT0  CRIT  DESIGN/PCDR CRIT LOW :UP/ON/SAF 1235
PAYLOAD BAY _ . .
* 8002 REACTANT LEAKS TO SADDLE CRIT  DESIGH/TEST CRIT HOD :ENTRY/L0G
4 BAGS : :
* 9003 EOS POWER TO TUG FAILS OFF CRIT  DESIGN GRIT LOW: ASCENT
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SAFETY EVALUATION FORM - 1
. \

( Reat saticfied 2

SAFETY REQU.IREMENT

CONFICURATION/SUBSYSTEM

20-3 A
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- ek

DETECTION ON GROUND
TURGE ON PAD _ |
ISOLATE TANKS. FRE/POST USE
EMERGENCY DETANK HORIZONTAL
EMERGENCY DETANK VERTICAL
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SAFETY EVALUATION FORM - 2

SAFETY REQUIREMENT
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D : * Applicable to Concept Y

HAZARD 'STATUS SUMMARY REPORT
CONCEFT 320A-3A-320AE-3A

TRACKING
INITIAL FRPS  PAZARD
HAZARD CODE  BAZARD DESCRIPTION  HAZARD LEVEL RATIONALE LEVEL  STATUS  REMARKS
STRUCTURES 1000 :
* 1001 TAUKAGE LEAKS [MTO CRIT DESIGN  CRIT LOW:0H ORBIT
' ‘ ENCLOSED VOLUIES
* 1002 LOSS OF M0, TAMK CRIT ..DESIGH__ CRIT LOW:ON ORSIT
PRESSURE
* 1003 ADAPTER OVERSTRESSED CRIT PROCDRS  CONT LOW:MATING
DURING GROUND MATE
* 1004 PAYLOAD PAY DOORS 3 CRIT DESIGN  CONT MOD: DEPLOY
DOH'T OPEN
MAIN PROPULSION 2000 ~ _
¥ 2001 T TKS,LINFS,FITTINGS LK. CRIT DESIGN/PCDR  CRIT LOW: LAUNCH PAD
X 2002 VENT TO P/L BAY CRIT DESIGN/PCDR  CRIT LOW:UP/ON/SAF ING
* 2003 OFF DES. ENG. INLET COMD. CRIT DESIGN  CRIT LOW: THRUSTING
* 2004 PROP. MIXING DURING CAT, DESIGN/TEST (AT, LOW: LANDG/ENTRY
LANDING/RE-ENTRY
* 2005 PROP. SLOSH DURING DKING  CRIT SIMULATION CRIT MOD:DOCK11IG
2006 CACHE TK. & CRASH LANDG  CAT DESIGN  CAT CONCPT DELETED
2007 M'H TANK IMPLOSION CAT DESIGN  CAT COMNCPT CHANGED
2008 ENG, BELL BUCKLES UNDER  CRIT DESIGN  CRIT LOH: GROUND
TRANSPORT LOADS ‘ TRANSPORT
* 2009 Nx0y TK. VENTS DURING CRIT PCDR CRIT MOD : SAFING
SAFING |
* 2010 MPE NOZZLE WON‘T EXTND  CRIT DESIGN  CRIT LOW: THRUSTING
¥ 2011  KICK STAGE RE-ENTERS CAT DESIGN  CRIT LOW :ASCENT
* 2012 INCOMPLETE COMIECTOR CRIT DESIGN  CRIT LOW:RESTOW
HOOKUP VENTS FUME T0
PAYLOAD BAY :
* 2013 TPS TILES LOST FROM CRIT PCDR:DESIGN CRIT MOD:ENTRY
N0y VENT
*" -APS 3000
* 3001 INADVERTENT VENT CRIT PCDR CRIT . LOW:ENTRY/LOG
* 3002 LOSS OF PROP. ACQUISITION CRIT - TEST CRIT LOW:RMS DOCKING
3003 LOSS OF RETRV‘L DELAY CRIT DESIGN  CRIT LOW:DOCKI1iG
MODULE APS .
* 3004 ADD-ON APS LOSS CRIT DESIGN  CRIT LOW:ON ORBIT

. o
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. * Applicable to Concept

HAZARD STATUS SUMMARY REPORT
CONCEPT 320A-3A-320AE-34

(4
.

TRACKING )
~ INITIAL HRPS  HAZARD
MAZARD CODE ___HAZARD DESCRIPTION  WAZARD LEVEL RATIONALE LEVEL  STATUS REMARKS
* AVIONICS 4000 . R |
* 4001 CAN'T COITAND OVERRIDE  CAT DESIGN _CAT LOW:NEAR EOS
* 8002 PROP. COMMANDS ARSENT  CAT DESIGN  CAT LOW:NEAR EOS
* 4003 ACS ELECTRONICS FAILS  CRIT DESIGN  CRIT LOW:NEAR ECS
* 400y INERTIAL REF. g ATT. CRIT PR CRIT LOW:SEP. FLT.
| DATA DEGRADED S e :
4005 ADD-ON AVIOUICS CAUSES  CRIT DESIGN CRIT ° LOW:SEP. LT,
- LOSS ATTITUDE CONTROL — . - -~ . . Lo |
% B00G- —  -AVIONICS DEGRADED By CRIT . DESIGN  CONT LOW:SEP. FLT.
- © HI-EMERGY PARTICLES , -
% 4007 SRM FIRES IMADVERTHTLY — CAT  DESIGH/PCDR CRIT . LON:INZHEAR ECS
4008 LOSS OF SINGLE XMTR GRIT  DESIGH/PCDR CRIT LOK:DEPL/RETRY.
THERHAL CONTROL 500
% 5001 LOSS OF GED COOLING CAT DESIGN  CAT HOD: SAFING
. DURING SOAKBACK
* 5002 LOSS FUEL CELL HEAT REJ. CRIT  DESIGN/PCIR CRIT LOW:SEP, FLT
ORDHANICE 6000
* 6001 PYROS. IADVERT. INITIATED CAT DESIGN  CRIT LOK:GD C/0
6SE/AGE 7000
* 7000 C6 OFF NOIINAL CAUSE DOOR CRIT  DESIGN/PCIR CRIT LOW:TUG REMVL
CONTACT AFTER ABORT
_EPS 9000 - ,
* 9001 VENT REACTANTS STEAM T0  CRIT  DESIGN/PCOR CRIT LOW:UP/ON/SAF %5
PAYLOAD BAY . . )
* 9002 REACTANT LEAKS TO SADDLE  CRIT-  DESIGH/TEST CRIT KOD:ENTRY/LOG
. BAGS ‘ :
* 9603 EOS POWER T0 TUG FAILS OFF CRIT  DESIGN CRIT LOW:ASCENT
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SAFETY EVALUATION FORM - 1\ Regf. Sq"'csg}ec/ K

SAFETY REQUIREMENT

CONFIGURA'I‘ION/SUBSYSTEM
320A-3A / 320AC -2 *

x>

DETECTION ON GROUND
PURGE ON PAD

ISOLATE TANKS PRE/POST USE
EMERGENCY DETANK HORIZONTAL
EMERGENCY DETANK VERTICAL
NORMAL HORIZONTAL DRAIN
FRACTURE MECHANICS PROGRAM
REDUNDANT SEALS

ALL WELDED BALL JOINTS

O O0OO0O0O0O0OOO0OOO

‘ﬁ INCRRASED Com PLEX Ty

ﬂ INCRGASED Cow\w_&u‘ry

v
v
Ve

2UND3U-NON MOt

Q2 HBE2E

ISOLATE TANKS PRE/POST USE
OVERBOCARD VENTS UP/DOWN
OVERBOARD CRYO VENTS UP/DOWN
VENTS LIQUID COMPATIBLE
REDUNDANT VALVES FOR OVER-
BOARD VENT PATHS

CONDITION BAY POST LANDING
VERTICAL VENT

HORIZONTAL VENT VIA GSE
POST LANDING, HOOKUP VENTS
TO GSE

O 0000

O 00O

ADDED QS& COMPLEVTY

<A 9 9999

- o

=
]

NpErcu-HnEHST O r»rowo

VENT MPS/APS TANKS TO 20 PSIA
VENT EPS TANKS TO 20 PSIA
DEPLETE APS PRE-STOWAGE
ABORT DUMP=VERTICAL

DELETE MPS PRE-STOWAGE

VENT TUG PAYLOADS

DUMP MUST BE SHUTTLE COM-
PATIBLE

O0O0OO0OO0ODO0OO0

X SIGNIF\CANT SAFETY
ARE

DedLoy Vs Déd'\_

o
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. ' ZARD SAFETY REQUIREMENT CONF IGURATION,/SUBSYSTEM

-z ¢ o MICROMETEROID SHIELD v’ ’
- § 0 © NO JETTISON OF SOLID DEBRIS |
_ 3 L AT P/L ALTTTUDES © /S’R”'" Tettisoned £ Pl-andqvj |
N L ¢ . .
-3 T .23 ‘Tl\ml awe at escape Ve[“‘_,bj‘ :
- 3 S
- % 0
o O
_ g
-3
-8 F o MINIMUM TRAPPED VOLUMES 11
-2 I o SEPARATE TANKS N esSTED TAVKS ST TUGS
- % R © CONTROL TANKS DELTA-P v 8 s
-3 .| E o INERT TANKS POST USE v - -
— 3 o0 o o PARAMETER READOUT TO EOS v
- o SRM SAFE/ARM v
~ 20 | o MIM TANK PRESS, PRE-USE v
~3%| E © CONTAINMENT OF PYRO DEBRIS » v—
— &2l X o P/L BAY GNo DELUGE ' v
“8a| P |oGN, FREON 1301 FIRE EXTINGUISH v~
PR g o INERT H, TANK BAYS v i
_ : s
LM ,,.
- ; (9] , I '
-£&; o0
— E m N
~-5o0
— 2 | THERMAL o AUTO DETECT COOL LOOP FATL |V
~ £ < | CONTROL o FO/FS POST FLIGHT SAFING v
- 9
- £ C | o DESIGN INTACT SURVIVAL v
-3 R o DESIGN RETAIN PAYLOAD v
- A o DESIGN KICK STAGES TO NOT v
- s SURVIVE ENTRY
-3 H o DESIGN RETRIEVAL DELAY N A
~ MODULES TO NOT SURVIVE
-8 ENTRY B
_

3
-3 ‘
-3
-3
-1
N

\:/"
- ]
- |
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SAFETY EVALUATION FORM - 3 Av
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SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM |

!
1403 001 uon3nposdas W uo wnwxew

NERHYPY R

FAIL SAFE DESIGN Y
LOCATOR PINS FOR FLUID N
CONNECTOR PANELS
PRECLUDE TUG TRANSLATION/ e
ROTATION DURING. GROUND TUG/
ORBITER MATE

SUPPORT AND CONSTRAIN ENGINE 'JUT RE dD

BELL DURING GROUND HANDLING
MAKE MPS NOZZLE EXTEND AND (
RETRACT MECHANISMS REDUNDANT

Nuraer of paniss DovgLep,

3 &xTenv0)aLe NozzLes,
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ATINO 3ASN 91..48N234-NON 804
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39 )1$nw woyjez IOy
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THRUST

UJZOHH>$UBUHtU3>

O 000

o

SENSE ENGINE INLET PRESSURE
CHANGES

ISOLATE APS TANKS

SHUT DOWN MPE AUTO

RELIEVE PROPULSION PRESSURE
PROPULSICN SHUTOFF VALVES
UPSTREAM OF ENGINE VALVES
QUALIFY APS FOR GAS BUBBLES
OR DEMONSTRATE ADEQUACY OF
PROFELLANT ACQUISITION
PRECLUDE INADVERTENT SRM
IGNITION
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REDUNDANT SAFETY CRITICAL
EQUIPMENT

ADEQUATE CREW TRAINING
COMMAND OVERRIDE

APS SHUTDOWN AFTER RMS mc;Agﬁ
MAKE SELECTION OF WIDE/NARR
DEADBAND FOR APS REDUNDANT ’
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SAFETY EVALUATION FORM - 5

SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

~te

) G o NO CREW SAFETY SFP \
] E o APPROPRIATE SAFETY FACTORS v
~ 3 N O MANNED SF FOR ABORT v
~ 3 E o PROVIDE SAFETY STATUS v
—F R o COMMAND OVERRIDE NEAR ORBITER| V™
3 A o PROTECTION OF EOS FROM TUG v
— 3 L HAZARDS
[~J .
5 o EMERGENCY MANUAL RELEASE: TUG| v~ ®oTH Tugs AT onCE
3 FROM EOS
~- 8
[a)
T3
—3 .| s o PROVIDE SAFETY STATUS v
—3ol T o EOS CONTROL CRITICAL TUG v
-3 %31 o FUNCTIONS ~
—s0o0 | W © NO DESTRUCT CHARGES
— 8% A o PRESSURE RELIEF THROUGH EOS v~ ®C6TH VeNiclés THROLGH tos
- P '
&3l o NO VENT INTO PAYLOAD BAY v~ INTerEAL €
sa| B
~ C
s 31 1
—— z N
- = @ 0
- B
— 3 g T
_ g !-<- T
-3 R
-3 0 o PROVIDE SAFETY STATUS v
-3 N o EOS CONTROL CRITICAL TUG v-
-5 o FUNCTIONS
~a R o NO SPF YIELDING UNPROGRAMMED | v~
-3 2 MOTION -
_ 5 I
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4
-3 P
— 3 L
2
- 0
- Y
' |
: |
_~
| 1SN N WA SRR SRR WO TN NN NN SN IOUY NN SO SN (O AN SN TN NN TN SN TN IS (NN TN TN NN (NN SN NN N N TN NN O N R A T B



R4-T 4

SAFETY EVALUATION FORM - 6 } 5

.(:

Z SAFETY REQUIREMENT _ CONFIGURATION/SUBSYSTEM

b PROVIDE SAFETY STATUS v

b ATTITUDE/TRANSLATION CONTROL v

OF TUG BY EOS

o NON-PROFULSIVE VENTING Na

b NO SFP YIELDING UNPROGRAMMED v
MOTION '
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o PROVIDE SAFETY STATUS
o EOS CONTROL CRITICAL TUG
FUNCTIONS

o NC SFP YIELDING UNPROGRAMMED
MOTION

o PROVIDE FOR STATIC DISCHARGE | T® B€& ) NCoR9o RATED
o REDUCE PROPELL A vi/ PRESSURANT
TO SAFE LEVEL PRIOR TO
RETRIEVAL

o VERIFY EOS-TUG INTERFACES
SECURE

REMOTE EMERGENCY  TUG
JETTISON

S99
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SATETY EVALUATION FCRM - 7

SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

nNnEO-CHE QS8 N0

o FS PER MSFC-HANLDBOOK-505
o SATISFY FRACTURE MECHANICS

R

Z2oH0NEHCHO™WY

FAIL SAFE MPS

AUTO RELIEF FOR TANKS
DETECT POTENTIAL -TANK
FAILURES

ISOIATION VALVES UPSTREAM
ALL START VATVES
EMERGENCY OFF-LOADING ON
LAUNCH PAD

98999

0 g >

FO/FS DESIGN
ONE COMWAND SHUTDOWN

NOQOHZ20OH< X

RF LINKS EOS/TUG/PAYLOAD
CRITICAL COMMAND/CONTROL
CIRCUITRY FO/FS

39 99

HOZ>=2HY ™o

NO SINGLE DETECTABLE OR
COMBINATION OF UNDETECTABLE
FAILURES CAUSE PREMATURE
DETONATION

SAFE UNUSED PYROS

SATISFY PYRO SPECIFICATION
REQUIREMENTS
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HAZARD CODE

o’

* Applies to Both

*% Applies to 310ARE-3B Qb

HAZARD STATUS SUMMARY REPORT
310ARE-3B

CONCEPT 310-3B

PAZARD DESCRIPTICN

INITIAL

TRACKIHNG
FRPS HAZARD

HAZARD LEVEL ~ RATIOMALE LEVEL

PEMARKS

STRUCTURES 1020

* 1001
* 1002

* 1003

* 1004

TARKAGE LEAKS [NTO
ENCLOSED VOLUMES

LOSS OF hy0, TANK
PRESSURE

ADAPTER OVERSTRESSED
DURING GROUND MATE

PAYLOAD PAY DOORS
DON‘T OPEN

MAIN PROPULSION 2000 -

2002
2003
2004

¥ k ok ok

*

2005
2006
2007
* 2008

2008

2010
** 2011
* 2012

* 2013

- .APS 3000

* 3001
* 3002
*% 3003

. %% 3004

2001

TKS, LINFS,FITTINGS LK.
VENT TO P/L BAY
OFF DES. ENG. INLET comup.,

PROP, MIXING DURING
LANDING/RE-ENTRY

PRCP. SLOSH DURING DKING
CACHE TK. & CRASH LANDG
MH TARK IMPLOSIGH

ENG. BELL BUCKLES UNDER
TRANSPORT LOADS

Np0Oy TK. VENTS DURING
SAFING

MPE NOZZLE WON'T EXTND
KICK STAGE RE-ENTERS

INCOMPLETE CONNECTOR
HOOKUP VENTS FUME TO
PAYLOAD BAY

TPS TILES LOST FROM
Ny0y, VENT

INADVERTENT VENT
LOSS OF PROP, ACQUISITION

LOSS OF RETRV'L DELAY
MODULE APS

ADD-ON APS LOSS

CRIT

CRIT

CRIT

- CRIT

CRIT
“CRIT
CRIT
CAT.

CRIT
CAT
CAT
CRIT

CRIT

CRIT
CAT
CRIT

CRIT

CRIT
CRIT
CRIT

CRIT

DESIGN  CRIT

..DESIGH_ CRIT

PROCDRS  CONT

DESIGN  CONT

DESIGN/PCDR  CRIT
DESIGN/PCDR  CRIT
DESIGN  CRIT
DESIGM/TEST CAT.

SIMULATION CRIT
DESIGN  CAT
DESIGN  CAT
DESIGN  CRIT

PCDR CRIT

DESIGN  CRIT
DESIGN  CRIT
DESIGN  CRIT

PCDR:DESIGN CRIT

PCDR CRIT
TEST CRIT
DESIGN  CRIT

DESIGN  CRIT

LOW: 0! ORRIT

LOW:ON ORSIT
LOK: MATI TG

MOD: DEPLOY

LOW: LAUNCH FAD
LOK:UP/ON/SAFING
LOW : THRUSTI%6 J
LOW : LANDG/ENTRY

¥0D : DOCKING
COHCPT DELETED
CONCPT CHANSED
LOW : GROUND
TRANSPORT
MOD : SAFIRG

LOW: THRUSTING
LOW: ASCENT
LOW: RESTOW

MOD :ENTRY

LOH:ENTRY/LCG
LOW:RMS DOCKinS
LOW:DOCKING

LOW:ON OREIT
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* Applies to. Both &’
*¥ Applies to 310ARE-3B

HAZARD STATUS SUMMARY REPORT

CONCEPT 310-3B  310ARE-3B '/)
TRACKING '
INITIAL HRPS  HAZARD

HAZARD CODE HAZARD DESCRIPTION HAZARD LEVEL  RATIONALE LEVEL STATUS  REMARKS

* AVIONICS 4000 . |
* 4001 CAN’T COIYAND OVERRIDE  CAT DESIGN _CAT LOW:NEAR EOS

* 4002 PROP. COIMANDS ABSENT  CAT DESIGN  CAT ~ LOW:NEAR EOS
* 4003 ACS ELECTRONICS FAILS ~ CRIT DESIGN  CRIT LOW:NEAR EOS
* B00Y INERTIAL REF. & ATT, CRIT PR CRIT . LOW:SEP. FLT.
DATA DEGRADED S o Y-
** 4005 ADD-01 AVIONICS CAUSES  CRIT DESIGN  CRIT .~ LOW:SEP. FLT.
LOSS ATTITUDE COITROL — -~ - - S .

% 4006 - -~ -AVIONICS DEGRADED BY CRIT - DESIGH  CONT : LOW:SEP. FLT.
= HI-ENERGY PARTICLES . :
** 4007 SRM FIRES INADVERTHTLY ~ CAT  DESIGH/PCDR CRIT * LON:IN/UEAR EOS

4008 LOSS OF SINGLE XMTR CRIT  DESIGN/PCOR CRIT LOW:DEPL/RETRY.
THERYAL CONTROL 500
* 5001 LOSS OF GID COOLING CAT DESIGN  CAT HOD:SAF ILG
_ DURING SOAKBACK ~
* - 5002 LOSS FUEL CELL HEAT REJ. CRIT  DESIGH/PCDR CRIT LOW:SEP, FLT:
ORDIIAVICE 6000 -
* 6001 PYROS INADVERT, IMITIATED CAT DESIGN  CRIT LOK:GHD C/0
6SE/AGE 7000 :
* 7001 (G OFF NOUINAL CAUSE DOOR CRIT  DESIGH/PCOR CRIT LOW:TUG REMVL
CONTACT AFTER ABORT
EPS 9000 - .
% 9001 VENT REACTANTS STEAY T0O  CRIT  DESIGN/PCDR CRIT . LOW :UP/0;1/SAF 133
PAYLOAD BAY ‘ . , .
* 9002 REACTANT LEAKS TO SADDLE  CRIT  DESIGM/TEST CRIT MOD : EHTRY/LOS
BAGS : ' :

* 9603 EOS POYER TO TUG FAILS OFF CRIT DESIGN CRiT LOW:ASCENT

!
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SAFETY EVALUATION FORM - 1

" Reqt Satihied

SAFETY REQUIREMENT

I

CONFIGURATION/SUBSYSTEM

210-38

3I0ARE -35

&

(2B g ol

O 00000 O0O0D9

DETECTION Ol GRCUND

PURGE ON PAD

TSOLATE TANKS PRE/POST USE
EMERGENCY DETANK HORIZONTAL
EMERGENCY DETANK VERTICAL
NORMAL HORIZONTAL DRAIN
FRACTURE MECHANICS PROGRAM
REDUNDANT SEALS

ALL WELDED BALL JOINTS

99 3999959

499999999

A2

N

OO 000G

O 0 0O

ISOLATE TANKS PRE/POST USE
OVERBOARD VENTS UP/DOWN
CVERBOARD CRYO VENTS UP/DOWN
VENTS LIQUID COMPATIBLE
REDUKDANT VALVES FOR OVER-
BOARD VENT PATHS

CONDITION BAY POST LANDING
VERTICAL VENT

HORIZONTAL VENT VIA GSE
PCST LANDING, HOOKUP VENTS
TO GSE

ARRAERRRRE

AR E R

nEr>cgHLREN IdWPOoWwg
: 3

OO0 00O0O0O0

VENT MPS/APS TANKS TO 20 PSIA
VENT EPS TANKS TO 20 PSIA
DEPLETE APS PRE-STCWAGE
ABORT DUMP=VERTICAL

DELETE MPS PRE-STOWAGE

VENT TUG PAYLOADS

DUMP MJST BE SHUTITLE COM-
PATIBLE

e
r‘.
f
No
o

No

PEN
A QUESTIo N

7
Ve

v

No

cz?EmJ QuesTian
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SAFETY EVALUATION FCRM -

3
-

SAFETY REQUIREMENT

t

3o ~38

20uLHBPEHOOQ

[e]
(o]

MICRCMETEROID SHIELD
NO JETTISON OF SOLID DEBRIS
AT P/1, ALTITUDES

%

ve
v v

Z20HNOEHYM™ME WO HOHS

O 0O 0O0OO0O0OOQCQO0OO0OO0OO0

MINIMUM TRAPPED VOLUMES
SEPARATE TANKS

CONTROL TANKS DELTA-P

INERT TANKS POST USE
PARAMETER READOUT TO EOS

SRM SAFE/ARM

MIM TANK PRESS. PRE-USE
CONTAINMENT OF PYRO DEBRIS
P/L BAY GNp DELUGE

GN, FREON 1301 FIRE EXTINGUIS

INERT Hp TANK BAY

s
N&sTtedD TAWKS

z A~

44 N945 95

9499938

THERMAL
CONTROLY

AUTO DETECT COOL LOOP FAIL
FO/FS POST FLIGHT SAFING

oo e im0

DESICGN INTACT SURVIVAL
DESIGN RETAIN PAYLOAD
DESIGN KICK STAGES TO NOT
SURVIVE ENTRY

DESIGN RETRIEVAL DELAY
MODULES TO NOT SURVIVE
ENTRY.

z Z 99939
RNERNEC NN

CONFIGURATION/SUBSYSTEM
30 ARE- 38

€eTeD TAMKS
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SAFETY EVALUATION FORM - 3
Y

* SAFETY REQUIREMENT

310-38

CONFIGURATION/SUBSYSTEM
31I0ARE - 3R

NeEHPYE DoE

FAIL SAFE DESIGN
LOCATOR PINS FOR FLUID
CONNECTOR PANELS

PRECLUDE TUG TRANSLATION/
ROTATION DURING GROUND TUG/
ORBITER MATE

SUPPORT AND CONSTRAIN ENGINE
BELL DURING GROUND HANDLING
MAKE MPS NOZZLE EXTEND AND
RETRACT MECHANISMS REDUNDANT

AR RN

Ve
v

v

AR

THRUST

NZ2O0-HHE>»XWWE WP

O 0 OO

(e]

SENSE ENGINE INLET PRESSURE
CHANGES

ISOLATE APS TANKS

SHUT DOWN MPE AUTO

RELIEVE PROPULSION PRESSURE
PROPULSION SHUTOFF VALVES
UPSTREAM OF ENGINE VALVES
QUALIFY APS FOR GAS BUBBLES
OR DEMONSTRATE ADEQUACY OF
PROPELLANT ACQUISITION
PRECLUDE INADVERTENT SRM
TGNITION

DRI

Z
»

AU N

ﬂ

HOMHBZE0Q R UEPIROO

(o]

O 00O

REDUNDANT SAFETY CRITICAL
EQUIPMENT

ADEQUATE CREW TRAINING
COMMAND OVERRIDE

APS SHUTDOWN AFTER RMS ENGAGH
MAKE SELECTION OF WIDE/NARROW|
DEADBAND FOR APS REDUNDANT

A

-

v—

v
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OVER GRw0. STamey - OVER GRUO Sremie
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SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

3le-38

3 I0RATE ~3IR

LOSS

HOCCHHMKEMAP

CONTROL

0 CHAINDL REDULIDALCY
o JET FAILURE DETECTION
o SLOSH PROTECTION

v
v
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v
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Z2O0HMHEI»PEHZ>PAZOAO

o NO VENT TO PAYLOAD BAY
o NO PLUME IMPINGEMENT
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SAFETY REQUIREMENT

CONFIGURATION/SUBSYSTEM

2lo-38

3 I0ARE~-IR

HreoE =z o

000 OO0 O

(o]

O CREW SArETY SFP
APPROPRIATE SAFETY FACTORS
MANNED SF FOR ABORT

PROVIDE SAFETY STATUS
COMMAND OVERRIDE NEAR ORBITER
PROTECTION OF EOS FROM TUG
HAZARDS ,

EMERGENCY MANUAL RELEASE: TUG
FROM EOS

4999998

S ON99999

HEHAHRHODWO 2Z2H+H HQPr D O0MAW

PROVIDE SAFETY STATUS

EOS CONTROL CRITICAL TUG
FUNCTIONS

NO DESTRUCT CHARGES
PRESSURE RELIEF THROUGH EOS
NO VENT INTC PAYLOAD BAY

99 99

Foet Cenl warer

v
v
v

v

DUR VG cléckour

Kot HHHEUY SBSHWXWOoO =20

PROVIDE SAFETY STATUS

EOS CONTROL CRITICAL TUG
FUNCTIONS

NO SPF YIELDING UNPROGRAMMED

MOTION

9 99
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o NON-PROPULSIVE VENTING
o NO SFP YIELDING UNPROGRAMMED
MOTION

E PROVIDE SAFETY STATUS

PENERN
999

ProdH=EEHQ AHEWOoO 20

o PROVIDE SAFETY STATUS
o EOS CONTROL CRITICAL TUG
FUNCTIONS

o NO SFP YIELDING UNPROGRAMMED
MOTION

o PROVIDE FOR STATIC DISCHARGE
o REDUCE PROP &L\ A v/ PRESSURANT
TO SAFE LEVEL PRIOR TO
RETRIEVAL

VERIFY EOS-TUG INTERFACES
SECURE

o REMOTE EMERGENCY  TUG
JETTISON
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AIRIRENRIRS
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E
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R |o AUTO RELIEF FOR TANKS
0 |o DETECT POTENTIAL TANK v v
P FATLURES
U |o ISOTATION VALVES UPSTREAM e v
L ALL START VATVES _
S 4o EMERGENCY OFF-LOADING ON e . v
I TAUNCH PAD
0
N
A |o Fo/¥s pESIGN v NoT en RDM
P |o ONE COMMAND SHUTDOWN v v
S
A |o RF LINKS EOS/TUG/PAYLOAD v v
v o CRITICAL COMMAND/CONTROL Ng v
I CIRCUITRY FO/FS
O 4
N
I
c
S
0 |o NO SINGLE DETECTABLE OR va e
R COMBINATION OF UNDETECTABLE A
D FATLURES CAUSE PREMATURE
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* Applies to Both Q,

e’

*% Applies to 510ADE N
HAZARD STATUS SUMMARY REPORT
. CONCEPT: 510A=3B 510ADE=-3B
TRACKING
INITIAL HRPS PAZARD

HAZARD CODE HAZARD DESCRIPTION HAZARD LEVEL  RATIOMALE LEVEL STATUS  REMARKS

STRUCTURES 1000 _
* 1001 TANKAGE LEAKS INTO CRIT DESIGN  CRIT LOW:ON OFRIT

ENCLOSED VOLUMES
* 1002 LOSS OF Hy0y TAUK CRIT _.DESIGN__ CRIT LOW:0N ORSIT
PRESSURE ] :
* 1003 ADAPTER OVERSTRESSED CRIT PROCDRS  CONT LOK:MATING
DURING GROUND MATE
* 1004 PAYLOAD PAY DOORS ; CRIT DESIGN  CONT . MOD:DEPLOY
DOM'T OPEN '
MAIN PROPULSION 2000 - _

T %2001 T TKS,LINFS,FITTINGS LK. CRIT ° DESIGH/PCDR CRIT LOW: LAUICH PAD
%2002 VENT TO P/L BAY CRIT - DESIGN/PCDR CRIT ) LOW:UP/ON/SAF NS
*2003 OFF DES. ENG. INLET COMD. CRIT DESIGN  CRIT LOW : THRUSTING
*2004 PROP. MIXING DURING CAT. DESIGN/TEST CAT. LOW : LANDG/ENTRY

LANDING/RE-ENTRY
*2005 PROP. SLOSH DURING DKING  CRIT SIMULATION CRIT MOD :DOCKING
2006 CACHE TK. & CRASH LANDG  CAT DESIGH  CAT COHCPT DELETED
2007  © MUH TANK IMPLOSION CAT DESIGH  CAT CONCPT CHANGED
%2008 ENG. BELL BUCKLES UNDER  CRIT DESIGN  CRIT LOH :GROU!!
TRANSPORT LOADS : TRANSPORT
%2009 NyOy TK. VENTS DURING CRIT PCOR CRIT MOD:SAFIHG
SAFING
2010 MPE NOZZLE WON'T EXTMD  CRIT DESIGN  CRIT LOW: THRUSTIHG
*2011 _ KICK STAGE RE-ENTERS CAT DESIGN  CRIT LOW:ASCENT
%2012 INCOMPLETE CONHECTOR CRIT DESIGN  CRIT LOW :RESTOH
HOOKUP VENTS FUME TO :
PAYLOAD BAY . )
*2013 TPS TILES LOST FROM - CRIT PCDR:DESIGN CRIT MOD:EKTRY
~ APS 3000 .
%3001 INADVERTENT VENT CRIT © PCDR CRIT . LOW:ENTRY/LCG
*3002 - LOSSOF PROP. ACQUISITION CRIT . TEST CRIT LOW:RMS DOCKING
3003 LOSS OF RETRV’L DELAY CRIT DESIGN  CRIT LOW:DOCKING
MODULE AP3 A

*3004 ADD-ON APS LOSS CRIT DESIGN  CRIT LO¥: 0N ORBIT




»?

HAZARD STATUS SUMMARY REPORT

* Applies to Both

IS

*¥% Applies ‘to 510ADE

TRACKING
HAZARD

REMARKS

[

CONCEPT: 510A-3B  510ABE-3B
: INITIAL HRPS
_HAZARD CODE  HAZARD DESCRIPTION HAZARD LEVEL RATIOMALE LEVEL
" AVIONICS 4000 .
* 4001 CAN'T COITAND OVERRIDE  CAT DESIGN _.CAT
* 4002 PROP. COITANDS ABSENT  CAT DESIGH AT
* 5003 ACS ELECTRONICS FAILS  CRIT DESIGH  CRIT
* 4004 INERTIAL REF. & ATT, CRIT PR CRIT
DATA DEGRADED 5 o
** 1005 ADD-ON AVIONICS CAUSES  CRIT DESIGN  CRIT
LOSS ATTITUDE CONTROL = - - -
#8006~ ~  -AVIONICS DEGRADED BY CRIT DESIGN  CONT
- HI-ENERGY PARTICLES ) »
% 4007 SRM FIRES INADVERTHTLY — CAT DESIGN/PCOR  CRIT
4008 LOSS OF SINGLE XYTR CRIT  DESIGH/PCDR CRIT
THERMAL CONTROL 500
* 5001 LOSS OF GID COOLING CAT DESIGH  CAT
: DURING SOAKPACK
*-5002 LOSS FUEL CELL KEAT REJ. CRIT  DESIGH/PCDR CRIT
ORDIANCE 6000
¥ 6001 PYROS INADVERT, IMITIATED CAT DESISN  CRIT
6SE/AGE 7000
* 7001 CG OFF NOMINAL CAUSE DOOR CRIT ~ DESIG/PCDR CRIT
CONTACT AFTER ABORT
EPS 9000 -
* 8001 VENT REACTANTS STEA* T0  CRIT  DESIGN/PCDR CRIT
PAYLOAD BAY | .
* 9002 REACTANT LEAKS TO SADDLE  CRIT  DESIGH/TEST CRIT
_ BAGS ‘ '
* 8003 EOS POWER TO TUG FAILS OFF CRIT  DESIGN

CRIT

LOW:NEAR EOS
LOW:NEAR ECS
LOW:NEAR ECS
LOW:SEP, FLT.

LOW:SEP. FLT.
LOW:SEP. FLT.

LOW: IN/HEAR EGS
LOK:DEPL/RETRY.

MOD : SAFING

LOW:SEP. FLT;
LOK:GHD /0

LOW:TUG REMVL

LOW:UP/OI/SA= i3

MOD:ENTRY/LCS

LOW:ASCENT
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f¥ SAFETY ASSESSMENT OF GROUND OPERATIONS

TASK DESCRIPTICNS AWD MAN LOADING

~ STORABLE SPACE TUG

<, s



Manloading for Grouvn'd. bperatibné‘ t'o 'L;zvei IIi' ﬁmtional Tasks

In assessing and allocating manpower fc;r the ground turnaround functions,
no attempt was made to @timize manpower; rather the crew was sized to minimize
cs.lendar time for the turnmaround operations. While this approach desensitizes the
Tug concep'hs to the Traffic Model, 11: does emphasize the operational ccmplexity, o

the various optims by the deltas in manpower.

'l'he first section takes the basic Tug, and briefly descri‘bea the functiona.l
‘ tasks to Level III. Following this, the AGE/GSE required for these ﬁmcticns and
mnpawer , by discipline, is defined. Similarly, the Auxiliary Stages are handled

in Appendices to the basic functional requirements; therefore for configuration

110 & 310 only the basic volume is required for configuration 110A & 510A use basic plus
!

£

the

® . egpendix D 115 use besic plus sppendix E. 210N, 310NE, 610N & TAON use basic plus

NS appendix B, 215N & T15H basic plus appendices E &B, 1410C & 610CE basic plus appendix A

,.i /uom) & S10ADE basic plos appendix C, and finally 415AN basic plus B, D &E.
/ Safety has been folded into these operational sequences. To highligh’c Safety
. eritical or sensitive operations, ‘individual steps have been asterixed. Hazard

Anaiyé:ls Re?orts have been generated to show the safety critical or catastrophic

,hnzards and how they were resolved.
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3.0

301

3.2

Post Landing Operations

* Safety Significant/Critical

Safe and Secure : Assumes time criticality of vehicle is known at landing.

3.1.1

*

*
T
*

*

3.1‘2

3.1.3

*

*

3.1.4

*

Emplace Tug Transporter/Mobilizer for Tug/Transporter mate.
Connect all ground interface AGE/GSE.

3.1.1.1 Connect fuel drain and vent AGE/GSE lines.
3.1.1.2 Connect oxidizer drain and vent AGE/GSE lines.

3.1.1.3 Connect fuel cell oxygen fill and vent AGE/GSE lines.

3.1.1.4  Comnect fuel cell hydrogen f£ill and vent AGE/GSE lines.

3.1.1.5 Connect pressurant AGE/GSE line.
Vent pressurants

3.1.2.1 Vent MPS pressurant tob pad pressure.
3.1.2.2 Vent APS pressurant to pad pressure.
Purge Reactants

3.1.3.1 Purge fuel cell hydrogen system with GHe to
. safe level. Apply pad pressure.

3.1.3.2 Purge fuel cell oxygen system with GHe
Apply pad pressure.

Verify Power-off

3.1.4.1  Verify Tug power systems off. Verify Orb./Tug
power off.

3.1.4.2  Verify Tug circuit breaker out.
3.1.4.3 Verify cargo bay atmosphere is acceptable.

Orbiter/Tug Demate

3.2.1

3.2.2

*

*

Connect hoisting AGE/GSE
3.2.1.1 Verify Orbiter cargo bay doors open and secure.

3.2.1.1 Verify hoisting equipment (including Auxiliary
Crane Control) ready.

3.2.1.2  Connect hoist fittings to Tug hoist points
Release Interface Connections
3.2.2.1 Release fuel fill and vent Q.Ds

3.2.2.2 Release oxidizer fill and vent QDs

<y
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3.0

Post Landing Operations (continued)

3.2.2

3.2.3

3.2.4

3.2.5

3.2.2.3

3.2.2.4
3.2.2.5

3.2.2.6

3.2.2.7

Release fuel cell oxygen fill and vent QDs
Release fuel cell hydrogen fill and vent QDs
Disconnect EPS electrical comnmnector

Verify proper load on hoisting sling. (read
TBD pounds on Aux. Crane Control).

Release Structural ties between Orb/Tug

Hoist Tug/SC clear of Cargo bay.

3.2.2.1

3.2.2.2

3.2.2.3

Move Tug/SC up to clear mechanical/structural
attachments using Aux. Crane Control.

Holst Tug/SC clear of cargo bay using crane
"inching" control.

Hoist clear of orbiter

Position Tug/SC to mate Transporter/Mobilizer

3.2.3.1

3.2.3.2

3.2.3.3

Transfer facility crane to position Tug/sC at
mate position.

Lower Tug/SC to within two (2.0) inches of mate points.

Using Aux. Crane Control lower to mate points

Mate to Transporter and Verify

3.2.4.1
3.2.4.2
3.2.4.3

Verify proper Tug/SC Transporter alignment
Make mechanical/structural attachment

Mate temp. Maintenance Unit (TMU) to Tug AGE/GSE
connector.

Emplace protective caps

3.2.5.1
3.2.5.2

3.2.5.3

Emplace main engine cover
Cap all APS thrusters

Emplace protective cover over the Star Tracker.
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{ 3.0 Post Landing Operations (continued)

3.3 s/c Tug Demate (retrieve missions only)

8/C responsibility )3.3.1

3.3.2
3.3‘3

303.1"

3.3.5
~ 3.3.6
$3.3.7

Position S/C Transporter

Attach Removal AGE/GSE

Releasé Tug/sC at interface

3.3.3.1 Release Tug/SC mechanical attachment
3.3.3.2 Verify TBD interface connection.. clear
Demate Tug/SC :
3.3.4.1 Translate SC clear of Tug

Install S/C cover

Verify ready to transport S/C

Trensport to §/C facility

Rote: For DOD missions, area will be secured to cleared personnel only.

3.4 Drain Residuals: OPTION EXISTS FOR HOROZONTAL OR VERTICAL DRAIN OF VEHICLE

3.k.1

"3.h.2

*

Note: If flight data
indicates out of

Verticalize Tug

3.4.1.1 Configure AGE/GSE for rotation
3.4.1.2  Verify ready to rotate
3.4.1.3 Rotate to vertical

Comnect AGE/GSE lines

3.4.2.1 Comect fuel drain and pressure. lines

% 3.4.2.2 Comect oxidizer drain and pressure lines

tolerance condi- » 3.4.2.3 Connect in;]éctor purge line (fuel)

tions, system
must be purged
to allow entry.

» 3.4.2.4 Comect injector purge line (oxidizer)
# 3.4.2.5 Pressurize oxidizer tank to (TBD) PSI

# 3.4.2.6 Pressurize fuel tank to (TBD) PSI
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Post Landing Operétibns (continued)

%

*

3.h.3.

3.k.4

3.4.2.7
3.k.2.8
3.k.2.9
3.4.2.10

- 3.2.2.11

Drain residual fuel

Drain residual oxidizer

Purge injector (fuel side) with hot GNp
Purge injector (oxidizer side) with hot GNo

Disconnect and stow all AGE/GSE lines.

Prepare to move to Tug Maintenance and Checkout Facility (TMCF)

3.4.3.1 Verify ready to rotate

3.4.3.2 Rotate to horiz@tﬂ

3.4.3.3 Engage horizontal lock.

3.4.3.4 Verify pad pressure on tanks through the Pressure
Maintenance Unit (PMU)

Move to TMCF

3.4.5.1 Comect "tow vehicle

3.4.4.2 Move to TMCF

Maintenance and Checkout

Maintenance

1.1.1 Mechanical and Structural: emplace all work stands and
and access platforms. Connect all facility vent lines.

Note: Further inves-
tigation may
indicate the
neccessity of
removing all

meteoriod shield-~

ing for a com-
plete inspec~
tion of the

tanks

1.1.1.1
1.1.1.2

1.1.1.3

1.1.1.4

1.1.1.5
1.1.1.6
1.1.1.7

1.1.1.8

1.1.1.9

Remove all access pa,nelé and covers.

Visually inspect all available areas of the
fuel tank; check inspection tapes for
indication of leakage.

Visually inspect all available areas of the oxidizer
tank; check inspection tapes for indication of leakage.

Inspect the forward skirt for indications of structur
damage. ;
Inspect aft skirt for indications of structural damage

Inspect docking mechanism for indications of binding.
Visually inspect all accessidble body struct{xre for
indications of structural damage.

Visually inspect all meteoroid shielding for evidence of
penetration or other damage.

Replace all, access panels and covers.
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1.1

1.1.2

1.1.3

1.1.4

1.1.5

Maintenance (continued)

Main Propulsion:connect AGE/GSE and verify: Examine flight data
for indication of failure or system degradation.

1.1.2.1 Visually inspect engine nozzle and injector.
1.1.2.2 Perform engine pump torque checks.
1.1.2.3 Perform engine systems functional check

1.1.2.4 Inspect engine feed system for evidence of leaks.
(detection tape)

Auxilliary Propulsion:examine flight data for indication of failure
or system degradation connect AGE/GSE and verify.

1.1.3.1 Visually inspect engine thrust chambers.
1.1.3.2 Perform system functional checks. -
1.1.3.3 Inspect feed system for signs of leaks. (detection tape)

Electrical Power Subsystem Examine flight data for evidence of
failure or degradation.

1.1.4.1  Verify indication of failure or degradation. Fuel cell
will be removed for level II maintenance after five missions.

1.1.k.2  Verify from flight data condition of reactants system.
Re-evacuate if required.

1.1.4.3 Remove and replace battery after each mission.

Guidance Navigation and Comtrol: Examine flight data for evidence of
failure or system degradation. Verify proper sub-routine in mini-computer.

1.1.5.1 Verify falled or degraded IMU if verified remove and replace.

1.1.5.2 Verify failed or degraded Star Tracker using star simulator;
if verified remove and replace. Clean lens, replace lens
cover.

1.1.5.3 Verify failed or degraded laser Radar using Target simulator;
if verified remove and replace. Boresight Radar every TBD mission.

1.1.5.4  Verify failed or degraded APS electronics; if verified remove
and replace.




1.1.6 Communicgtions System; Examine flight data for evidence of
failure or system degradation. Emplace antennsa hats. Verify
proper sub-routine in mini-computer.
1.1.6.1 Verify failed or degraded Transceiver; if verified

remove and replace. Verify redundant paths.
1.1.6.2 Verify failed or degraded Power Amplifier; if
- verified remove and replace.
1.1.6.3 Verify failed or degraded Signal Processor; if
verified remove and replace.
1.1.6.4  Visually inspect Diplexer for evidence of damage
if damage exists remove and replace unit.
1.1.6.5 Visually incpect the Antennas for evidence of
damage.
1.1.7 Data Management and OFI: Examine flight data for evidence of
feilure or system degradation. Verify proper sub-routine in
mini-computer.
1.1.7.1 Verify failure or system degradation of the computer;
if verified remove and replace.

1.1.7.2 Verify failure or system degradation of the Data Bus
Control; if verified remove and replace.

1.1.7.3 Verify failure or system degradation of the Tape
Recorder; if verified remove and replace. Nominglly
remove for tape change after TBD mission.

1.1.7.4 Verify failure or system degradation of the DACU; if
verified remove an replace.

1.1.7.5 Verify failure or system degradation of the OFI sensors.
Remove and replace as required if verified.

1.2 Post Maintenance Checkout
1.2,1 Guidance Navigation and Control. Verify completion of all

Maintenance activities. Verify proper sub-routine in mini-
computer. Apply ground power through AGE/GSE connector.

*1.2.1.1 Verify ability to power up IMU. Switch from TMU
to vehicle temperature control - verify the following
over temp. discretes "off" verify operations using earth

g and «w Compare IMU 1 to IMU 2.

1.2.1.2 Remove Star Tracker lens cover activate, verify lens closed

verify self check fail discretes "off" emplace star

simulator, verify operation, close shutter and deactivate,

replace cover.



1.2.1.3 Emplace laser Radar target simulator, activate radar
. verify fail discretes "off" verify outputs from laser
feedback, deactivate, remove target.

1.2.1.4  Apply 5 volts to APS drivers - perform logic check and
opposing jet logic, secure.

1.2,.2 -Communications System Verify completion of all maintenance sctions.
Verify proper sub-routine in mini-computer, Activate Communication
System.

1.2.2.1 Verify RF power level and frequency,verify receiver
sensitivity!verify up link commands. Verify down link.
Secure for check.

‘ 1.2.3 Data Management and OFI System: Verify all maintenance actions
complete. Verify proper sub-routine in mini-computer,

1.2.3.1 Verify camputer on'’Auto check DMS: sum and parity noise

checkdump previous mission software: load on-coming
software and verify.

B~
1.2.3.2 Activate DACU BIT. self test the following each DACU
Tape recorder FSI control.obtain ambient readout of all
measurements. Secure.
@ 2.0  Prelaunch and Launch

N

2.1 System Integration: Verify all post maintenance checkouts are complete;
verify LPS ready to support; verify proper routine called up.

2.1.1 Combined Systems Test.
2.1.1.1 Power up Tug systems
2.1.1.2 Perform prelaunch checks. ,
2.1.1.3 Perform passive phase checks
2.1.1.4  Perform in orbit activation
‘ 2.1.1.5 Similate deploy and separation.

2.1.1.6  Perform mission simulation; verify primary and
redundant paths (ambient check)

2.1.1.7 Simulate S/C separation. Verify comm link between
auxiliary stage and Tug.

| « 2.1.1.8 Simulate rendezvous and docking deactivate Tug systems.
‘ ) 2.1.1.9 Power down and secure from test.

2.1.1.10 Prep Tug for move to service grea.




2'1'2

2.1.3

2.1.4

2.1.5

2.1.6

2.1.7

Prep for Load.

2.1.2.1
2.1.2.2

2.1.2.3

2.1.2.4
2.1.2.5

2.1.2.6

Move to service area
Configure transporter for rotation.

Attach rotating AGE/GSE to Tug. Verify TBD
pounds Aux. Crane Control.

Verify forward attach latch open
Rotate to vertical

Route and attach fuel and oxidizer service
lines; attach pressurant lines.

Load Oxidigzer

2.1.3.1
2.1.3.2
2.1.3.3
Load Fuel
2.1.h.1
2.1.4.2
2.1.4.3
Load APS
2.1.5.1
2.1.5.2

2.1.5.3

Circulate oxidizer stabilizer temperature
Load oxidizer and withdraw ullage.

Leak check

Circulate fuel stabilize temperature
Load fuel and withdraw ullage.

Legk check

Circulate fuel stabilize temperature
Load fuel and withdrqw ullage

Legk check

Load Pressurant

2.1.6.1

2.1.6.2

Pressurize GHe tank to flight pressure

Monitor for leakage

Secure from Loading

2.1.7.1

2.1.7.2

2.1.7.3

Disconnect all lines and stow

Verify forward latch open. Rotate to horizontal.
Engage forward lsatch.

Disconnect all rotating AGE/GSE
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2.1.8 Prep to Move to Orbiter Airlock
2.1.8.1 Verify Transporter/Mobilizer ready for move.
. ‘r‘_;.'? a 2:1;8.? Move to Airlock and position for cleaning.
" 2.1.9 Clean Tug i ' |
2.1.9.1 Wipe down Tug surfaces using clesn soft cloth
and TBD cleaning agent.
2.1.9.2 Where require vacuum to collect any debris. 4—
2.1.9.3 SPObv check emissivity coating -rith emmisameter.
2.2.1 Position Tug for Mating ;
":; - 2.2.1.1 Move to mate position and verify mobilized locked
. "2.2.1.2 Verify Tug docking mechanism ready for mate.
2.2.1.3 Prep for mate -
2.2.2 Position S/C for mate.
(s/c respansibility)  2.2.2.1 Veriﬁr S/C docking mechenism ready for mate
4 2.2.2.2 Verify functional iﬁterfa.ce ready for mate.
2.2.2.3 Position for mating.
2,2.3 - Mate S/C and Tug
2.2.3.1 Engage locking mechanism and verify proper lockup
. 2.2.3.2 ' _‘Verify functional interface properly engaged.
- . 2.2.3.3 Position Transporter extension to support S/C.
2.2.4 Verify Interface
2.2.4.1 Apply ground power
2.2.4.2  Verify correct functions across interface.
2.2.5 Secure from Mating Qperations
2.2.5.1 Remove any mating AGE/GSE
e . 2.209.2  Prepare for Orbiter Mate. T PR
“2;3-.1 Position Tug for Orbiter Mating A et e

» 2.3.1.1 Move Tug/SC to mate position S
2.3.1.2 Verify structural attach points ready to mate

2.3.1.3 Prepare for mating operation.



2.3.2

2.3.3

2.3.4

2.3.5

2.3.6

S

Attach Hoisting AGE/GSE

2.3.2.1 Position facility crane to pick uwp hoisting
fixture and Aux Crane Control.

2.3.2.2 Attach hoisting combination to crane verify
proper C.G. on fixture.

2.3.2.3 Hoist fixture and position crane to attach
slings.

2.3.2.4  Attach slings to tug.

Disconnect :E‘rcxn- Transporter

2.3.3.1 Verify proper load on Aux. Crane Control

2.3.3.2 Release Tug/sSC attach points

2.3.3.3 Using Aux. Crane Control move clear of
Transporter.

Hoist and Position Over Cargo Bay

2.3.4.1 Using crane "inching" control raise Tug/SC TED
* inches continue at normal hoist speed to clear
cargo bay doors.
2.3.4.2 Translate crane over cargo bay
2.3.4.3 Verify all interfaces ready to mate

Mate Tug/SC to Orbiter

2.3.5.1 Lower to within two (2.0) inches of mate points
2.3.5.2 Using Aux. Crane Control lower to mate points
2.3.5.3 Latch structural at‘ba,cﬁ mechanism.

2.3.5.4 Mate fuel £111 and vent QDs

2.3.5.5 Mate oxidizer fill and vent QDs

2.3.5.6 Mate 'i‘uel cell oxygen fill and vent QDs
2.3.5.7 Mate fuel cell hydrogen fill and vent QDs
2.3.5.7 Mate electrical umbilical(s)

Verify Interface

2.3.6.1 Verify structural interface properly mated.

2.3.6.2 Verify all functional interfaces properly mated.




2.3.7 Secure From Mate
2.3.7.1 Disconnect AGE/GSE and return to stowage
2.3.7.2 Verify cargo bay condition satisfactory.

2.4 Pre-count and Count down

2.4.1 Monitor tug functions (3 shift operation)
2.%.1.1 Monitor MPS fuel pressure and temperature
2.4.1.2 Monitor MPS oxidizer pressure and temperature
2.4.,1.3 Monitor MPS pressurant
2.4.1.4 Monitor APS fuel pressure and temperature
2.4.1.5 Monitor APS pressurant

* 2.4.2 Load Cryogenics

2.4.2.1 Verify clear to load

2.4.2.2 Chill down oxygen lines and tank
2.4.2.3 Chill down hydrogen lines and tank.
2.4.2.4 Simultaneously load oxygen and hydrogen

2.4.2.5 Monitor cryo pressures through lift-off.
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3.0

Post Landing Operation AGE/GSE and Manpower Requirements

3.1

3.2

3.3

3.4

Safe & Secure

AGE/GSE

Hose Set, MPS

Hose Set, APS Ground to Orbiter

Hose Set, Fuel Cell

Detector, Toxic Vapor

Transporter/Mobilizer

Personnel

Prop Techs 8

Mech/Struct L

Safety 2

QcC i
Total 18

Elapsed time 4 hrs.
Orbiter Tug Demate
AGE/GSE |
Sling and cable set, hoisting
Lift fixture, Tug with Payload
Cover, MPS nozzle
Covers, APS thrusters

Auxiliary Crane Control

Personnel Base Support
Prop Techs 8 Crane Operator
Mech/Struct. 8
Safety 2
QC L

Total 22

Elapsed Time 6 hrs.
S/C Tug Demate (retrieve mission only)
S/C handling equip.

Personnel (does mot include S/C) same as 3.2 minus 8 prop
Elapsed time 2 hrs.

Drain Residuals
'Hoisting fixture, Tug rotate

Hose Set MPS
Hose Set APS Ground to Tug

Tneoa CAd Tha~1 ~_an a




3'0

1.0

(continued)

GN2 conditioning cart

Personnel Second Shift

Prop. Techs 10 10

Mech Struct. 6 6

Safety 2 2

Qc 5 5
Total 23 33

elapsed time 24 hrs.

Maintenance and Checkout

1.1 Maintenance

AGE/GSE

RF Front End/Formatter
Mini-camputer (LPS Link)
Control Keyboard/CRT
Cable set, checkout
Hat's, Antenna Coupling
5 Volt power supply
Star simulator

Target, Laser Radar
Workstand set

Checkout Cart, Prop. Sys.
Load Bank EPS

S-Band Up Link Monitor

Base Support
Crane Operator

Tow operator

Personnel Requirements Second Shift  Base Support

Avionics Techs 1k 6
Propulsion Techs 16 7
Mech/Structural 12 5
Safety 2 2
QcC 10 _lq.__
Total 54 2k

Elspsed time 40 hrs.

as required
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1.0

2.0

1.2

2.1

(continued)
Post Maintenance C/0

AGE/GSE
same as 1.1 except delete Prop C/0 cart.

Personnel
Avionics Techs 1
Propulsion Techs L
Mech/sStruct. 4
Safety 2
Qc 6
Total 30
Eng. 5
Grand Total 35

Elapsed Time 8 hrs.

Prelaunch & Launch
System Integration
2.1.1 Combined Systems Test
AGE/GSE '
Same as 1.2 plus EPS Load Bank

Personnel Requirements

Avionic Techs 14
Propulsion Techs L
Safety 2
Q.C. 6
Total _22_
Eng.
)

Elspsed Time 8 hrs.




2.1.2

2-1.3

2.1.4

2.1.5

Prep for Load

AGE/GSE

Hoisting fixture, tug rotate

Hose Set MPS

Hose Set APS

Personnel Requirements "Base Support

Prop/Techs 6 Crane Oper.
Mech/Struct. 6
T
Safety 2 oW Oper.
Qc 5
19

Flapsed Time 8 hrs.

Load Oxidizer (MPS)

AGE/GSE

Same as 2.1.2 plus

Propellant Load Control assy., oxidizer
Propellant Cond. assy, oxidizer

Personnel

Prop Techs 10

Safety 2

Q.C. 3
Total 15

Eng. 2

Grand Total 17
Elapsed Time 2 hrs.

Load Fuel (MPS)

AGE/GSE

Propellant Load Control Assy, Fuel
Propellant Cond. Assy, Fuel
Personnel

same as 2.1.3

Load Fuel (APS)
Propellant Load Control Assy, No Hy
Propellant Cond. Assy, No H4



2.1.5

2.1.6

2.1.7

2.1.8

(continued)
Personnel

Prop Techs 8
Safety 2
Q . C . 3

Total 13

Eng 2
Grand Total 15

Elapsed Time .75 hrs.

Load Pressurant (MPS)

AGE/GSE
Prop Sys. He Distribution Assy.
Personnel
Prop Techs 4
Safety 2
Q.C. 2
Total 8
Eng 2

Grand Total 10
Elapsed Time 1 hr.

Secure from Load

Personnel

Prop Techs 4

Struct/Mech L

Safety 1

QcC 1
Total 10

Elapsed Time 9 hrs.
Prep to move
AGE/GSE

No additions
Personnel

Mech/struct.
Safety

QcC

0'\,!-‘!-'-!:'

Total
Elapsed Time 4 hrs.

Base Support
Crane Operator

Base Support
Tow Opersator




2.1.9

Clean Tug

AGE/GSE
Stands,portable; Tug access
Vaecuum Cleaner

Personnel
Mech/Struct 6
Safety 2
Qc L
Total 12

Elapsed time 8 hrs.

2.2 s/C to Tug Mate

2.2.1

2‘2.2

2.2.3

Position Tug for mate
AGE/GSE
No additions

Fersonnel Base Support
Mech/Struct I Tow Oper.
Safety 1
Q.C. 1

Total 6

Elapsed Time 4 hrs.

Position S/C for Mate
AGE/GSE
S/C handling equip

Personnel

(s/c responsibility)

Mate Tug/sc

AGE/GSE

Transporter extension

Personnel

Mech/Struct 8

Avionic Tech 2

Safety 2

Q.C. 2
Total 1

Elapsed Time 8 hrs.



2.3.5

2.4.1

2.4.2

Mate Orbiter

AGE/GSE

Sling and cable set, hoisting
Lift fixture, Tug with payload

Personnel

Avionic Techs 6

Prop. Techs 8

Mech/Struct 8

Safety 2

Q.C. 4
Total 28

Elapsed Time 16 hrs.

Monitor Tug Functions
AGE/GSE

Console, 1CC
Personnel (per shift)

Avionics 2
Prop 2
Safety 1
QIC. 2

' Total 7

Elapsed Time (see shuttle time line)

Load Cryogenics

AGE/GSE

Same as 2.k4.1

Personnel

Same as 2.4.1 plus 1 Safety
Elapsed Time 1 hr.

Base Support

Crane Oper.




APPENDIX B

NUDGE KIT



1.0

Maintenance and Checkout (Ref. )

1'1

Maintenance

1.1.1

Mechanical and Structursal: emplace all work stands
and access platforms. Connect all facility vent
Demate nudge mode kit and position on
maintenance stand.

liner.

1.1.8

1.2.8

Nudge mode kit maintenance

1.1.8.1
1.1.8.2

1.1.8.3

1.1.8.4
1.1.8.5

1.1.8.6

1.1.8.7

1.1.8.8

1.1.8.9

Remove all access panels and covers

Visually inspect all latches for evidence
of binding.

Visually inspect all structure and supports
for evidence of damage.

Rerove and replace battery after each mission.

Verify fdl led or degraded performance of the
Cuidance and Control system; if verified remove
and replace.

-1 Attitude reference gyro package

-2 APS control electronics

-3 Timer/Control relay plackage

Verify failed or degraded performance of the
OFI system; if verified remove and replace.
-1 PCM

-2 Signal Conditioner

-3 Sensors

Verified failed or degraded performance in the
Communications system; if verified remove and
replace.

-1 RF Switch

~2 Antenna

-3 Diplexer

-l Transceiver

-5 Base band, processor

Visually inspect the APS thrusters and feed
system. Perform APS functional tests.

Replace all covers and panels

Nudge mode kit post maint. C/0

l'2'801

1.2.8.2

Verify all maintenance actions complete on
Cuidance and Control System. Perform system
functional test.

Vel;if‘y all maintenance actions complete on the
OFI system. DPerform system functional test.



Note:

-

1.2.8.3 Verify all maintenance actions complete on the
Communications system. Perform functional test.

1.2.8.4 secure from test; prep to support Tug Combined
Systems test (Functional Block 2.1.1.).

Nudge mod kit will be mated to Tug in functional block
2'2.10




1.1.8

1.2.8

Nudge Kit Maintenance
AGE/GSE

RF Front End/Formatter
Mini-computer (LPS Link)
Control Keyboard/CRT
Cable set, checkout

5 Volt power supply
Workstand set

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs ;/ L

Propulsion Techs : 6

‘Mech/Structural 4

Safety : Share with Tug

QcC Share with Tug
Total 14

Elapsed Time 16 hours

Post Maint. C/0

AGE/GSE

RF Front End/Formatter
Mini-Computer (LPS Link)
Control Keyboard/CRT
Cable Set, checkout
Hat's, Antenna Coupling
5 Volt power supply
Workstand set

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs h
Propulsion Techs 3
Safety Share with Tug
QC Share with Tug
Eng. 3

10

Flapsed Time 8 hours

Base Support
as required

Base Support
as required




APPENDIX C

APOGEE & DEORBIT KIT




.\—r

1.1

Vv
1.0 Maintenance and Checkout (Ref.)
Maintenance
1.1.1 Mechanical and Structural: emplace all work stands

and access platforms. Comnect all facility vent
liner. Demate Apogee & Deorbit Kick Stage (AKS & DKS)

1.1.10 AKS & DKS maintenance

1.1.10.1 Remove expended deorbit motors from the
stage.

1.1.10.2 Remove all access panels and covers

1.1.10.3 Visually inspect all latches for evidence
of binding

/ 1.1.10.4 Visually inspect all structure and supports
[ for evidence of damage.

1.1.10.5 Remove and replace battery and solar array
after each mission.

1.1.10.6 Veri fy failed or degraded performance of the
Guidance and Control System; if verified
remove and replace.
-1 Attitude reference gyro package
-2 APS control electronics
-3 Timer/Control relay package
-4 Sequencer
-5 Star Tracker

1.1.10.7 Verify failed or degraded performance of the
OF1 system; if verified remove and replk ce
-1 PCM - =~
=2 Signsl conditioner
-3 Sensors

1.1.10.8 Replace all covers and panels

1.1.10.9 Verified failed or degraded performance in
the Communications system; 1if verified remove
and replace.
-1 RF switch
-2 Antenna
-3 Diplexer
-4 Transceiver
-5 Imase band, processor

1.1.10.10 Visually inspect the APS thrusters and feed
system. Perform APS functional tests

1.1.10.11 Install Kick Motors per mission requirement.
-3,1,10.12 Replace all access panels and covers
1.2.10 AKS & IXS post maint. C/0

1.2.10.1 Verify all maintenance actions complete on
Guldance and Control System. Perform system
functional test.




Note:

1.2.10.2

1.2.10.3

1.2.10.h

Verify all mmnintenance actions complete on
the OFT system. Perform system functional
test.

Verify all maintenance actions complete on
the Communications system. Perform functional
test.

Secure from test; prep to support Tug combined
systems test (Functional Block 2.1.1).

AKS & DKS will be mated to Tug in furctional block

2.2.1.



1.1.10

1.2.10

AKS & DKS Maintenance
AGE/GSE

RF Front Fnd/Formatter
Mini-Camputer (LPS Link)
control Keyboard/¢RT
Cable set, checkout
Hat's, Antenna Coupling
5 Volt power supply
Star simulator

Target, Laser Radar
Workstand set :

Load Bank EPS

-8-Band Up Link Monitor

Personnel Requirements

Avionics Techs 5

Propulsion Techs 8

Mech/Structural 5

Safety Share with Tug

QC Share with Tug
Total 18

Elapsed Time 24 hours
Post Maint. C/0
AGE/GSE

RF Front End/Formatter
Mini-camputer (LPS Link)
Control Keyboard/CRT
Cable set, checkout
Hat's, Antenna Coupling
5 Volt power supply
Star simulator

Target, Laser Radar
Workstand set

Load Bank EPS

S-Band Up Link Monitor

Personnel Requirements

Avionics Techs 5
Propulsion Techs 4
Safety Share with Tug

oc Share with Tuq

Base Support

as required

Base Support

as required

735



Eng.
Total
Elgpsed Time 10 hours

4
13




APPENDIX D

APOGEE KICK STAGE



. A.O0 Receiving Apogee Kick Stage

A.l Perform receiving inspection

A.1l.1 Visual inspection of stage
A.1.1.1 Remove access covers and panels

A.1.1.2 Visually inspect structure for evidence of shipping
damage

A.1.1.3 Visually inspect APS thrusters and feed system for
evidence of damage.

A.1.2 Perform all Design Specification Compliance Tasks (DSCT)
* A.1.2.1 TInstall Apogee kick motor(s)

A.1.2.2 /Install flight battery

A.2.1 Perform éystems tests
A.2.1.1 Verify all DSCT complete
A.2.1.2 Perform combined systems teét.
A.2.1.3 Secure from tesf prep to Support Tug combined systems

test (2.1.1)

Note: Apogee kick stage will be mated in functional block 2.2.1.




A.l.1

A.l.2

A.2.1

Visual Inspect of Apogee Kick Stage

Perform g1l Design Specification Tasks

Personnel requirements
Propulsion Techs 4

Mech/Structural 3
Q.C. Shared with Tug
7

Elapsed Time 8 hours

Perform Systems Test
AGE/GSE

RF Front End/ Formatter
Mini-computer (LPé Link)

Control Keyboard/CRT

Cable set, checkout
5 Volt power supply

Persomnel Requirements

Avionics Techs 3

Propulsion Techs 5

Mech/Structural

Safety Share with Tug

QC __Share with Tug
Total 5k

Elapsed Time 40 hours.

Base Support

as required
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1Ps

DMS
(11B & 111A)

cNeC

COMMUNICATION

THERMEL

EPS
(FueL ceLts)

EPS
(BATTERIES)

PROCEDURAL

CRITICAL
PLASES |
LAUNCH PAD
DEPLOY
STOM

SAFING

ASCENT

LANDING

Ascent
Ascent

Ascent

ASCENT/DEORBIT

ASCENT/DESCENT

DEPLOY

DEPLOY/DEORBIT

ENTIRE MISSION

LAUNCH

SAFING

ON ORBIT FLIGHT

PRELAUNCH

ENTIRE
mISsion

DEPLOY/RESTOW

SERVICING/SAFING

SAFETY CRITICAL INTERFACES

EUNCTION PERFORMED

NZOQ FILL/DRAIN

MY FILL/DRAIN
Nzou FILL/VENT

MM FiLL/VENT

GHE venr .
"2 i SERVICE PANEL CONNECT

MMH SERVICE PANEL CONNECT

INFLATABLE RUBBER
NOZZLE SUPPORT

LEAK DETECTION SENSORS

AKSC 2 W

AKS - ORBITER COMMANDS
DKSCe W

DKS- EOS - GROUND COMMANDS
CORE VEHICLE C & W

READINESS SIGNALS TO
ORBITER

STATE VECTOR UPDATE

COMMAND
DATA/STATUS

GNz GROUND PURGE
P/L BAY AIR CONDITIONING

SYSTEM MATERIAL OUTGASSING &
/OR PROPELLANT DISCHARGES

"2 FILL/DRAIN

02 FILL/DRAIN

“2 VENT
02 VENT

ORBITER POWER TO TUG

PROPELLANT/REACTANT LINE
CONNHECT/DISCOMNECT

CRITICALITY RATIOMALE
ENABLES EMERGENCY DRAIN

RELIEVES TANK OVER PRESSURES
PRECLUDES VEMTING INTO P/L BAY

PRECngES VENTING TO ATMOSPHERE
WITH ATTACHED

ENABLES OVERBOARD VENTING DURING
DESCENT/SAFING

PROTECTS ENGINE BELL FROM IMPACT
LOADS .

ALERTS CREWS TO LEAKS

STATUS DATA
SAFE ~ ARM
STATUS DATA

SAFE - ARM

. Status Data

VERIFIES E.G THRUST ATTITUDE
APPROPRIATE,

PROTECTS ORBITER FROM TUG
MISTARGETING

PROVIDES COMMAMD SVER RIDE

PROVIDES STATUS DATA OF CRITICAL
SYSTEMS/FUNCTIONS

INERTS P/L BAY ATMOSPHERE [N CASE
OF LEAKS.

LIMITS TEMPERATURE IN BAY AND
PRECLUDES 1204 VENTING,

PREVENTS P/l CONTAMIMATION

REACTANT VOLATILITY

PRESSURE RELIEF

SYSTEM DEGRADATION IF POWER TO
TUG LOST,

SYSTEMS ARE "WET”



- TRANSPORT

HOISTING

TUG DEPLY/STOW

SYSTEM PRESSURIZATIONS

PROPELLANT/REACTANT/PRESSURANT
DRAIN AND/OR LOAD

LOADED TUG GROUND MOVEMENT

MATING OF LOADED TUG TO
PAYLOAD OR ORBITER

COORDINATE MANIPULATOR AND
ADAPTER MOVEMENTS DURING
TUG DEPLOY/STOW

MANIPUTATOR POSITOyS
TUG FOR SEPARATION/STOW

APS ACTIVATION/COLD FIRE
CHECK

APS venT T0 20 PS1A

TRANSITORY PRESSURE
STRESS CONDITIONS

HAZARDOUS FLUID TRANSFER AND
TRANSITORY PRESSURE STRESS
CONDITIONS

TRANSPORT OF HAZARDOUS FLUIDS.

TRANSPORT OF HAZARDOUS FLUIDS &
HEAVY WEIGHT

ORBITER STRUCTURAL DAMAGE
POTENTIAL

ORBITER STRUCTURAL DAMAGE
POTENTIAL

CONTAMINATION POTENTIAL

ORBITER CONTAMINATION POTENTIAL
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